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IMPROVED BIPYRIDILIUM HERB I CI DAL COMPOSITIONS 
Background and Prior Art 

This invention concerns improved herbicidal composi- 
tions containing a bipyridilium herbicide and at least one 
herbicide which has the ability to inhibit photosynthesis. 

Bipyridilium herbicides are a well known class of 
herbicides having the general formulas 




in which P and Q, which may be the same or different, are C 2" c 4 
alkyl which may be substituted by hydroxyl, halogen, carboxyl, 
alkoxy, alky 1 car bony 1 , alkoxycarbonyl, carbamoyl or N-substi- 
tuted carbamoyl; X is an anion, preferably a halide, and n is 
an integer from 1 to 4 . The two most prominent members are 
paraquat (l,l'-dimethyl-4,4'- bipyridilium ion and/ or its 
salts) and diquat (1,1' -ethy ierie-2 , 2 ' - bipyridilium ion and/or 
its salts) Other bipyridilium -herbicides are mentioned, for 
example, in ' Canadian ; patent ( l,058v4ili ; ^Bijp^xdiiit^ herbi- 
cides , particularly paraquat, are, non-select iver contact herbi- 
cides which kill, those .plant tissues which carry out photosyn- 
thesis. As is well known, paraquat, for instance, is reduced 
in the presence of free electrons produced during the photosyri- 
thesis process to paraquat free radicals. In .the, presence of 
oxygen, these free radicals are ^quickly re-oxidized .to para- 
quat, producing hydrogen peroxide and/ or a so-called ^ "super- 
oxide" , which cause rapid desiccation of plant tissues. < ^ \ 

• ■ - • : • - ^ 1 

It is w 11 known that paraquat is used most- effeb- 
tiv ly in conditions of dim light, for instance on cloudy cjr 
overcast days, or towards evening. Under such conditions, 
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^ photosynthesis proceeds Bore'^slowly, and the paraquat has an 
opportunity- to translocate more through the plant, giving a 
more complete kill when it becomes activated. When paraquat is 
a applied in bright sunny bonditioris When photosynthetic rate is 
■high, paraquat reduction together with generation of toxic 
oxides is rapid, often so" rapid that thte paraquat effect 
remains localized near the point of its applicatioH. Applica- 
tion of paraquat under bright sunlight, therefore, can produce 
a quick effect, but significant re-growth can occur. 

However, it is- often impractical or inconvenient to 
apply;, paraquat under only those low light conditions which pro- 
duce optimum activity. It has been found therefore, for 
instance by Headford, Pesticide' Science . Vol.- l, pp. 41-42 
(1970) that similar optimum effects can be obtained by com- 
bining paraquat with another compdtind/ particularly another 
herbicide, which has the ability tb 'inhibit photosynthesis. 
Headford found that a combination il of paraquat and bromacil, at 
a 2:1 weight ratio; v sprayed - Iiv :i full - Sunlight , gave effects 
similar to those from paraquat' alone sprayed at 5:00 P.M. It 

calso has been recommended to tank mix paraquat with a number of 
other herbicides, including at least one (linuron) which coinci- 
dentally is. a photosynthesis inhibitor. In using tank mixes of 
paraquat with photosynthesis inhibiting herbicides, the best 
activity would fee expected from the most water-soluble photo- 

( synthesis inhibitor, which would allow the paraquat to best 
translocate for a more compilete kill. However, the most active 
photosynthesis-inhibiting herbicides are typically water 

-insoluble, ; -r '•. •'. -'v '• *•• 

-~r?x ^^itJruy^-j^i^n addition, simple tank mixes of par aquat with , for 
^ . instance; wett able powder formulations of other herbicides , do 
not produce consistent effects in terms of optimum transloca- 
tion and effect of paraquat. 

r i v - '-r - As an improvement over tank mixes of paraquat and 
photosynthesis inhibiting herbicid s; a formulation in €h form 
-of a (Stabilized suspension concentrate containing paraquat and 
diuron, in a 2:1 weight ratio, has been sold under the 
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trademark^ Surefire. However, : as r .with .previously . suggested 
combinatipns, £he . photosynthesis- inhibiting 4 herbicidec (in this 
case , diiuron) is , used in. qne-Jialf the amount of the paraquat in 
order to provide /the desired optimum paraquat translocation and 
herbicidal effect.. It would be advantageous to .obtain at least 
, ■ A similar^ effect wi^h the ; use of ? much ; low^r quantities of the 
photosynthesi.s ..inhibitor,. . „ v : > *; , 

— - ^ ll ™ nar Y of the Invention 
In one aspect this invention comprises a liquid 
herbicidal, composition ^comprising: \ * 

vv . ->[*:}or& ^FP* 0 *^ 11 * effective amount of a bipyridil- 
, , .*, r l/? .f.um herbicide; v: .. - 

r (*?) a Photosynthesis^inhibiti^^ herbicide; 

, ^ (c) a r\prmally v ya^er ^insoluble oil in which -the* 
; , : : , : Photpssynth^ herbicide (b) is 

L^,,r^-;.vl, :^y, ^. soluble; , Jr y t , . - 

(f ) • ; a ; surf agtaritv. se^le^ted, f ro$t : ^ 

r > , .- v : > r . C,i^ . Pfllyalk^i : .glugqside^uvJ / J; ?* : 

t . v.* * P ol yp?^rPPYl;ene-polyoxyethylene- block 

i r . ; _ : , v copolymer; . \^ . • • i ://;v..< - .* y< 1 ' 

, (ii 1 ) an alky 1 trimethyl , or dialkyl dimethyl 
f - ..ammonium.- salt; -and, ■ r • j ;v j-x ^ 

(iv) ... a mixture of polyvinyl alcohol with a 

. . surfactant; having an I£LB value from [about 
- ■ 13 to about 30.-:^:ft. . -:ir^......:-u-. 



ywix: 



In another aspect, this invention comprises* a ^process 
for producing a composition of the type just mentioned which 
comprises contacting : a , solution of .the> (photosynthesis- 
ii^i^itii}g herbicide in the water-inspiuble oil with an aqueous 
c S ?^°r^ o£ - ^ipyri^ili^j herbicide- containing^' the 

surfactant. ^ -*^->- v. > ■ -r v:v'v>^ aci;;- 



^ e ^ n y ent iB r ? a ?-sp comprises a - liquid composition 
co ^ a f ni - 9 a :: PhP^osynthesisrinhibiting herbicide . which^i can be 
tank mixec^ with an, aqueous solution of a /bipyrieLilium^herbicide 
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such "afe paraquat to produce the first-mentioned liquid herbi- 
cidal compos it iori, which contains a photosynth sis-inhibiting 
herbicide, a normally wat r-insoiuble oil in which the photo- 
synthesis-inhibiting herbicide is soluble and an alkyl 
tr imethy 1 * or 1 dialky 1" dimethyl" ammonium salt . 

v Detailed Description of the Invention . t 

' The compositions of this invention have at least two 
herbicides : a bipyridilium herbicide , and a second herbicide 
which has 'the property of inhibiting ^ photoisynthesis. in addi- 
tion, as will be mentioned below, such compositions may also 
contain other herbicides. 

The bipyridilium Herbicide may be paraquat, a herbi- 
cide which hzis been sold in many countries for a large variety 
of uses, or dlquat. • 1 " 

" ' • •> 1 * ' J: The second herbidide is bhe which has trie property of 
r ii^ibi*ing^photosyn ^bliibility in water 'its' desirable 

' : f or ? - a^- '^hotbsyri€iie£ is * ? iritfibilbin'g 1 ' herbicide' used together with 
paraquat; since 'such solubility wouid enable the herbicide to 
75 penetrate quickly and/ or be more ireadily trans ibcat able in the 
, : pl-aht. However, the store active herbicides having this pro- 
perty tend to be insoluble in water. The compositions arid pro- 
cess of the present invention have as one feature the ability 
to utilize the more active but relatively water-insoluble 
photosynthesis-inhibits herbicides. Examples of such 
s ?. r Heifbic ides which can be used in combination with paraquat or 
i dlquat or other blipyridilium herbicides in the compositions of 
r ■ the pfesferit : invention" include : triazines , such as atrazine, 
~ ametryne, ' desmetryne , and prometryne phenyl ureas such as 
diiiron/ rieburbn, liriiiroh, chibroxurbn and monuron; uracils such 
" L;: as bromacri, lenacil, arid terbacil ; aryl alkanamides such as 
karsil, riapropamide arid propanil; triazine- ones such as 
^metrfbuziri; ^irbeunates such as phenmedipham; anil- ides such as 
" '? cyprbifiide arid chlbranocryl and benzonitriles such as ioxynil . 
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Other photosynthesis-inhibiting herbicides can be 
used, as long as they do not dissociate into anions which could 
react with the paraquat or diguat cation. 

In addition to the ^ bipyridilium , herbicide and the 
photosynthesis-inhibiting herbicide, compositions according to 
this invention ..may also contain one or more additional herbi- 
cides which *b^* be used ' con^bination ^with the bipyridilium 
herbicide to achieve , ^ additional .control . Such herbicides 
include,, for instance, f luazif op,-P-J>utyl, alachor mefcplachlor , 
dicamba, bifehox, and pendimethalin., 

The oils, or organic liquids, suitable for use in the 
compositions of this invention are those organic liquids which 
are essentially water- insplpble --.but in. which the photosyn- 
thesis-inhibiting herbicide is soluble. Suitable oils for use 
in this invention include water-insoluble alcohols such as 
^ *®^^ y ££^ f ^ ^f^y^ .^ico^oJL , ^-^f^tajip 1 . f aincL - nrhexano 1 ; aromat ic 
. ' , hydrocarbons such as, .tpluene, 3?y lenes . - and , naphthalen ic ; so 1- 
^® n £f? ^ h ? lo ^y^ r 9 c ?^ r ^? : ? 0 «^ 15 :.,- SU Tp h , as monochlqrpto.luene; .ketones; such 
as m ®?^Y^ : C3cide * cyclohexanpne rj r 2-heptanone , ispphprpne and 
acetophenone; esters such as t-hujtyl v . phosphate, and isoamyl 
acetate ; nitrogen-containing compounds such as pyridine , 

^f trolt) ? nz , en ® * nd dimethy If ormamide ;, , and phenols such as ^phenol 
' and npny^lphenols . 

The surfactant in this composition plays .an ^essential 
role. When the solution of photosynthesis- inhibiting herbicide 
iri the oil phase is contracted with an ^guepus. solution |pf the 
bipyridilium herbicide in the presence , of /the surfagtanfe, the 
inner , hydrophobic portion of the surf actant .. micel^ .dissolves 
the mixture of^ photosynthe^is-iiihibiting herbicide r; and . oil. 
v^e ^s^ltingr composition : may be termed a "tollable, liquid" 
since the oil and the photpsynthesis-inhibiting, herbicide con- 
tained in it are now "solvable" ii? water., , Four . different retypes 
of surfactants have .been. r found suitable, fpr; : ^use .in these compo- 
sitions. They are: 
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: * -'•"> -(a)'' ' ; polyal-kyl-^lticoifldiBs;" 

(b) polyoxypropylene-polyoxyethylene block 
-^copolymers; s 1 

(c) alkyl trimethyl and dialkyl dimethyl quaternary 
'ammonium salts; and 

- (d) mixtures of polyvinyl alcohol with surfactants 

having ah HLB -value of between about 13 and 
- - ■ \- • ?• about 20.-'-- - • ■ * ■ *' " ;: 

Polyalkyl glycosides have the general formula 



25 ( '\ 




in which R is a C 4 ~c 22 aliphatic,, group, preferably a Cg-C 16 
aliphatic group, ; and , n ..has an average . value of from about 1 to 
about 20, preferably from about 1 to about 5, and most prefer- 
ably from about„ .,1.4 to , about ,2.4.. One , example, of such a 
surfactant is AL- 2.23.3,, „~.in which R is a mixture of C arid C 
groups and n has an average value of about 1.5-2.0. It is pro- 
duced by the reaction of a mixture of octyl and decyl alcohols 
with glucose under controlled polymerization conditions and is 
sold as an aqueous solution by IC1 Americas Inc. 

_ ; ;t ,, j: , ; r ^olyo^^thylene-pplyoxypropylene . block - copolymers 
have the general formula : 

H0(CH 2 CH 2 0) X . (CH 2 CCHO) y . ( CH 2 CH 2 0 >x ' H 

h ^ ve aqlecular weights averaging from about l , 000 to about 
1 # 5 9°- .They ap . generally, produced .controlled addition of 
propylene oxide to propylene glycol, followed by addition of 
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ethylene oxide. Some .ex.ampl*s : .of such, surf aqtants are Pluronic 
L35, L44 and L64 sold by BASF Corporation. 

Alkyl trimethyl ammonium and ; .di alkyl dimethyl ammon- 
ium salts have the general formulas, respectively: 



R(CH 3 ) 3 N + ,X" ..and RRV(CH 3 ) 2 N + X" 

. iTl W ^#V E , £ n *;.£'- "Present-jaji alkyl -.group or mixture of alkyl 
groups having ^f rpm, about 8 to, about 18 carbon atoms and X is an 
anion, usually a halide. One example of such a surfactant is 
Arguad C-50 (trimethyl coco ammonium chloride) which is sold by 
,? hemie > Ame ^ ica - Other similar surfactants also sold by 
Akzo Chemie America have as the alkyl group dodecyl or 
hexadecyl . ■■■ ■ . 1 

The fourth type of ^surfactant is a mixture of ..poly- 
vinyl alcohol with via-»^facta>^h«Vlng fan HLB value of*; from 
about 13 to about 20 ;i ^Surfactants of this type include, for 
instance, ethoxylated sorbitan esters such as Tween 20, 40, 60 
:and 80., ethoxylated castor oil- surfactants such as Etocas ioo, 
Alcasurf ,C0200^ Chemmax5C0-200/5b and Pegosperse C0200; polyoxy- 
? ethylene esterates such as' Myrj ' 53, Brig 700 ahd ^KesSco EG 
esters; and. ethoxylated alkylphenols; such as those' sold' under 
the . trademark -Igepal by (3AF ' Corporatiofi". Such' alkylphenols 
have, the general formula - v r " 1 - - 

* ' (Rl) m-© - o(CH^cH26) n _^ci^6H ; ir 

in which R ± is an alkyl group having from 8 to 18 carbon atoms, 
m is l or-2, and- n is from about 30 to about 15 0 . Members of 
this series include Igepal surf actants CA-SS^f 5 ^ CA-8§ot ; CA-897 , 
CO-850, CO-880 and other higher molecular weight members of the 
CO series, and DM-970; > 

-•.» The polyvinyl alcohol component ^ of" this type "of sur- 
factant may be any suitable commerciar f orm of "polyvinyl 'alco- 
hol including those sold uiider the trademark Vinoi " by Air 
Products Co. such as Vinol 205. In general, the polyvinyl 
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alcohol will £>e employed in a weight ratio of from about 0.5:1 
to about 3:1 with respect: to the surfactant having an HLB value 
of i3-2d. v '' ' ? 1 ° r ; * ' ' ' ' '' ' 14 ' _ 

*- Compositions according to this invention will gener- 
ally contain 'the above components in the following amounts. 

Bipyridilium herbicide: from about ^ 5 to about 30 
weight percent, preferably from about 18 to about 24. weight 
*- percent;''" ' ' 

; photosynthesis-inhibiting hierbicide; from about 1 to 

about 12 weight percent , preferably from about 1 to 5 weight 
' 'percent;' • 

water-insoluble oil: from about 5 to about 10 weight 
percent, preferably from about 7 to about lb weight percent ; 

surfactant: from about 5 to about 40 weight percent, 
preferably from about 8 to about 20 weight percent, most pre- 

- f erably ^frotf about 8 tc? abdut "12 'weight' i^roent ;\ and 
.:r;hv::.;i'a5')r;oo :r ^at«br: "'-'tfifeT' remainder '''/"'T" . " ^ 

^ - In general, compositions according to this invention 

will contain the bipyridilium herbicide and the photosynthesis- 

- inhibiting" herbicide in a weight ratio, respectively, of from 
about 4:1 to about 25: li preferably between about 8:1 and about 

- "15:1. The compositions may also contain from about 6 to about 
24/ ^ preferably from about 6 to about 12 weight percent of one 
or more additional herbicides . A preferred combination of 
other herbicides with a bipyridilium herbicide is a composition 
1 containing pari f luazifop-P-butyl, in a weight rjatio of 

;^ c from about- i: 8^tb abbut 2:1, respectively. 

c: / n -compositions kccdrding to this invention may'.' also 
■contain additional 1 ingredients, such as dispersants or freeze 
* 1- - i point depressants , which may be used to impact desirable prop- 
rs-t erties but which do not adversely affect herbicidal performance. 

.u GoidpoSitiohs^ of : this invention are prepared by mixing 

appropriate quantities of an aqueous solution of the bipyri- 
dilium herbicide with an oil solution of the photosynthesis- 
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inhibiting herbicide, e^nd contacting yi^h a . surfactant as 
d ^ scribed "above. The ' surfactant nay be , contained., in the 



aqueous solution of bipyridilium herbicide before the two solu- 
tions are mixed, or may be added simultaneously with, or subse- 
quent to, the mixing of the. two solutions. ,. The mixing is 

^ r ^ erab ^y ili ^" d ' g -4. a § er ag.itatipn ; does 5 not. adversely 

af f e'ct ' 'the "pr oduct 



, ins ^ an ^ e / s for preparation, of ,forTnulatipns t con- 

taining paraquat and diuron, the oil solution of , diuron and 

a ? ueo us SC) ?- ut * on ., ° f . P ara °^ a t are prepared ; separately. For the 
oil solution,' the water- insoluble T pil, for . instance a mixture 
of mesityl oxide and Aromatic 200 are mixed with Arquad . 2C-75 , 
whic : h in th i s ««*><>diittent is used as a dispersant rather than a 
? U1 ^ a<itan ^ % . T ^ en ■ an , a PPropriate amount of diuron is. added and 
the' mixture is 'heated'tp 50 °C tp dissolve the diuron. 



^ a ^^ u ^^^^°^°ll^ a B a W%^ prepar^edi^.addi- 

tion of '^iriol 205 ^^^yJ^ { f^ b ^qa^oua paraquat concentrate 
containing 33.5 weight /weight as paraquat dichloride. The mix- 
ture is heated to ?0°C to dissolve the .yinol 205. Then the 
' surfactant, having aii HLB value between. 13 and, about -20, is 
" added to complete the. water phase, together, . with additional 
water if necessary and propylene glycol; to prevent freezing. 
Subsequently , the oil solution Is ' dispersed into, the aqueous 
paraquat solution with mild, mixing ,at . 20-25 PC to . produce, the 
compositions of this invention. . , ... > „ 

...... * or use .under field .application ..conditions*;? the 

compositions are diluted with water, tp ,anUppropr£a£e . t ,concen- 
tration for spraying. The compositions of this invention, 
being ■•soluble liquids'; , form t d^^ted^compjosistions which range 
' 5 r °w s ®™ i " t ^ rans P arent yitii a . particle . size , of Ovl-0^05 = milli- 
microns, to clear with a particl^ size , of less ,£han 0. 05 r milli- 
microns'. ' For use in no-till agriculture, for , instance.- T it is 
possible to spray the compositions of this invention on the 

. p ?" ants 5? .. be .,,? cil ^ ed dprin?; one day f and have, sufficient kill to 
be able to plant a crop on the next. .,, „ 
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The following ar ^representative xamples of prepara- 
tion of compositions according to this invention. 

Example 1 

A composition containing 2.6 lbs. /gallon paraquat and 
0.2 lb. /gallon diuron was prepared as follows: 9.7 grams (g) 
of mesityl oxide, 0.8 g of Aromatic 200 solvent and 7.2 g of 
Arqtiad 2C-75 dispersant were mixed in a vessel. Then, 2.2 g of 
diuron technical grade (95% by weight) was added , and the mix- 
ture heated to 50°C to dissolve the diuron. 

The aqueous solution was prepared by adding 2.0 g 
Vmol 205 to 21.9 g of a 33.5 weight percent solution of para- 
quat in water. The mixture was heated to 90 °C to properly dis- 
solve the polyvinyl alcohol. Then, there was added 3.6 g of 
Tween 4 0 polyoxy ethylene sorbitan ester, 2.5 g propylene glycol 
and 50.7 g water. - ■ Ji 

^ l"he oil" solution ^ into the aqueous solu- 

tion with 7 ini Id mixing' at 20-25 b C to produce 100 g of cdmposi- 

' Li tion.- ; - -■-<:. '.'.-v * -^-'^ — ■ v— — ■ 

" * Example 2 

Similarly to Example 1, there was prepared a composi- 
tion containing 2.0 lbs. /gallon paraquat and 0.08 lb. /gallon 
- "diuron^ It had the overall composition: 

Ingredient * Weight Percent 

paraquat 21.9 

diuron 6.9 

AL2233 surfactant 12.0 

n ^^^ad' V 2C-75 : ^ ' ' ' ' " rv ' ^ ' 5.0 

cyclohexanone 2.6 

water 57 . 6 
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Exampl 3 . w 
"similarly to Example 1, tlier was prepared a composi- 
tion containing 1.5 lb. /gallon paraquat, 0.07 lb. /gallon 
linuron and 0.24 lb. /gallon f luazif op-P-butyl. This composi- 
tion is represented as "'follows 

^y^ r ' y Ingredient" \ / . .Weight Percent 

paraquat u * /J^ J \ ^ ^ / . ^ . ^ ^ . . 16.4 

iinuron p. 9 

f luazifop-P-butyi ^ 3»6, 

AL2233 surfactant 18.0 

Igepal CO63 0 surfactant 10.0 

Arcjuad 2C-75 2.4 

cyclohexanone 1.9 

water ^ \ ^ \ ^ \^ r /"_, , * . V,,."' .", t . o ^ 46.^8 

Example 4 t 
This example represents the preparation of a concen- 
trated pulsion of a photosynthesis- which 
can be tank mixed with ^n^aq^epus solution of . paraquat^,. to. .pro- 
duce the composition^ according to this invention in the field. 

Similarly to Example 1 for preparation of the oil 
phase, there was obtained a composition containing: 

ingredient ^ ^ Weight Percent 

metribuzin 5.8 

tetrahyidrofurfuryl alcohol ^ ^ 23.3 
Arquad 16/50 surfactant , _.2&.5„. 

Arquad 2C-75 dispersant . 4 J... 4^ 

This composition contained 0.5 lb. /gajlpn r m©^ribji2in. 
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Similarly to Example 4, ther was obtain d a composi- 
tion as follows: - . . - : r 

Ingredient : / ' ; ; : , : Weight Percent 

diuron 5 8 



Arquad. -16/50; surfactant ' ^ 29.5 

Arquad 2C-75 dispersant 41>4 
cyclohexanone 23 3 

This composition contained 0.5 lb. /gallon diuron. 

Herbicidal Activity * r ' " 
Compositions .were prepared containing paraquat, 
diuron, a surfactant, and in some .cases, f iuazif op-P-butyl, by 
mixing ■ appropriate amounts of the following materials: 
paraquat-an aqueous solution containing J ^. 5, pounds /gallon 
paraquat; diuron-ah . emul^sif iable concentrate corresponding to 
t]fie formula, wof Example/^5 and containing 0.5 pounds /gal Ion 
diuron ;-^and^fluazi^p-P-i?utylan emuls if iable concentrate con- 
taining, l.o pound f Iuazif 6p-P-butyl/gallon. Compositions con- 
taining fluazifop-P-butyl corresponded to the composition of 
Example 3 with linuron replaced by diuron. Minor amounts of 
Ortho X-77, a crop oil, were included to lower the surface ten- 
sion in some tests. The compositions were diluted with water 
and sprayed on test plots containing various annual grasses and 
■ P v ?*$: 1 *&t weeds, including EchinbcKl na crusaalVi . Piaitaria 
sanqujnalAs , Ipomoea hederacea . Seturia viridis and Abut i Ion 
theophrasl-i so as! to provide application rates of the indivi- 
dual components as indicated below in Table 1. 

Trials were carried out at three locations. The fol- 
lowing Table 1 shows the data obtained in these evaluations, 
rated ya r i ous d a y S after treatment as indicated. > 



" .. ( A ^° :f n< ? ]| ; uded in these , evaluations, for comparison, 

was a composition, sold under the trademark Surefire, which con- 
tained a 2:i weight ratio, of paraquat: diuron and was sprayed so 
as to apply these two herbicides at rates of 0.35 and 0.18 
pounds/acre, respectively. 
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TAB L R 



KEY : 



P 
D 
F 

GR 
BL 



paraquat 
diuron 

f luazifop-P-butyl 
grassy weeds 
broadleaf weeks 



Application rate 
lb. /acre 



0.35 
•*• 0.35 " 

0.35 

0.35 

0.35 
, 0.35 - 

6.35 

0. 35 " 

0.35 
" 0. 35 

,. Q.3.5 ( ,- t , : , v 
*6.35 

0 ,35 - ! 

0.35** 



,0.0,88 
0.044 
0.029 
0.014 
0.088 ■ 
p . ; 04 4; s 

. 0 . 029 , 
0.014 
A. 088 ; 
6 . 044 
0.029 ' 

,0,014:- 
0.18 



0.05 
0.05 
.0.05 
0.05 
0.10 
0.1.0 

tr: id 



b. j>* 



TEST 


1 ' 


TEST 2 


TEST 3 


GR 


BL 


GR 


BL 


GR 


BL 


: 9.J5.. ; 


90 


76 


67 


92 


73 


89 


85 


77 


66 


89 


72 


86 


82 


80 


70 


2 


67 


68 


81 


77 


67 


77 


77 


97 


87 


88 


71 


96 


70 


' ' 93 


85 ' 


89 


66 


94 


81 


95 


66 * 


87 


61 "• V»- 


91 


72 


89 


84 . 


. . 90 , 


61 {; 


:u.91 


75 


100 


91 


90 


72 


96 


79 


. 99 , 


93 . 


••r-':91 ■ 


-■■66- 


96 


80 


.97. 


84 


.. . • 9?P- 


70 . 


v,9/7 


74 


" ; 92 u ' f "' u '-" 


86" 


''""'""92"'" 


69 


97 


74 


S84ol:s.i? 


82:' 


1^8 2*' 




'-'83 


64 


54 , 


76 






.•.r.6£L 


51 


"''39"' "'* 


79 


78 


69 


. 73 


76 ; 


82 •, 


0 ; : 


'..i "31 ' 


. '. o " 


67 


0 f 


84 . 


8 


.« 32 


, 0 > 


92 


5 



* "Surefire 

** with brtho X-77 



TMt 2 ^"Irea^??"*' Cal «°™« »" ** rite* -a 
T6Et 3 Say s e :??rSe« B ^!" d ' »"«-iPPi « as rated 21 

As can. be, seen from the above Table Y, compositions 
according to this invention containing paraquat and diuron, and 
particularly having a much higher ratio of paraqiiat: diuron than 
A , the, 2:i surefire composition, 1 produced 1 cbhthkl ^at w^as good 
\ as ; °£ better- than the Suref ire composition ' ' " : ' r 1 B " 
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BROAD 
RANGES 



A h rbicidal composition comprising: 
(a) a herbicidally effective amount of a 
bipyfidilium herbicide; 
a phbtosynthes is- inhibiting herbicide; 
a normally water- insoluble oil in which the 
phbtosynthes is- inhibit ihg herbicide (b) is 
soluble; 
Warder ; r and 

a surfactant selected from: 
(i) a polyalkyl glucoside; 

a polyoxypropyiene-polyo^ethylene 
block copolymer; 

ah alkyi trimethyr ammonium salt; and 
a mixture of polyvinyl alcohol with a 
surfactant having' an HLB value from 



(b) 
(c) 



(d) 
(e) 



(ii) 

(iii) 
(iv) 



about 13 to about 2 0 . 



r u 2ri-- A dompSsiticjri accordirig to* Claim 1 containing: 
v ' •' from alabut 5 to about 30 weight % bipyri- 
" dilium herbicide; 

from about 1 to about 12 weight % photosyn- 
thesis-inhibiting herbicide; 

from about '5 to about 20 weight % normally 
water insoluble oil; 

from about 5 to about 40 weight % surfac- 
tant; the remainder comprising water. 



3; 

^3 I ). ■ 



PREFERRED 
RANGES 



A composition according to Claim 2 containing 
: - f roin about 18 to about 24 weight % 
bipyridilium herbicide; 

' from about 1 to about 5 weight % photosyn- 
thesis-inhibiting herbicide; 

from about 7 to about 10 weight % normally 
water-insoluble oil; 

from "about 8 to about 20 w ight % surfac- 
tant; the remainder comprising water. 
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4. A composition according tq any, of Claims , 1-3 in 
which the weight ratio of bipyridilium herbicide to photosyn- 
thesis-inhibiting herbicide is from about 4:1 to about 25:1. 

5. A composition according to any of Claims 1-3 in 
V which the weight ratio is from about 8:1 to about 15:1. 

, , 6 - , A composition according , to any of Claims 1-5 in 

which the water-insoluble oil is a water-insoluble alcohol, an 
aromatic hydrocarbon, a halohy^rocarbpn, a ketone, an ester, a 
nitrogen-containing compound or a .phenol. 

; . ,,. J • , ; 5 A, composition according - to Claim 6 in which the 
water-insoluble oil is tetrahydrof urfuryl alcohol, cyclohexa- 
? none, or a naphthalene range aromatic solvent. 

>: ? 8 • A pomppsi^ipn.. according to any of Claims 1-7 in 
which the surf aptant is a mixture of polyvinyl alcohol with a 
surfactant having an HLB value of from about 13 to about 20 and 
. f}*? f octant, paying aii^HI,B value _ Qf , n .f rom about 13 to about 

20, is an ethoxylated sprbit^ ethoxylated castor oil 

surfactant, a polyoxyethylene esterate, , or an ethoxylated 
alkylphenol. 

r: 9 ; A composition according to any of Claims 1-8 in 

which the bipyridilium herbicide, is paraquat. 

10. A composition according . r to . any of Claims 1-9 in 
which the photosynthesis -inhibiting herbicide is selected from 
triazines, phenyl ureas, ..uracils, pheny i . alkanamides , phenoxy- 
acetic acids, carbamates, anilides and s benzonitriles. 



av ,, T i= : : A composition according to Claim 10 } i^whicti the 

bipyridilium herbipide . is paraquat: and the photosynthesis- 
inhibiting , herbicide is diuron f ^, ... 

, k J2...A composition., according „ to any of Claims l-ll 

further comprising a ,herl?icidally ; .effective amount of a 
herbicid selected fr m f luazif op-P-butyl, alachlor, metola- 
chlor, dicamba, bifenox and pendimethalin. 
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13. A process for producing a composition according 
to Claim 1 comprising mixing an r aqueous solution of the bipyri- 
,dilium herbicide with a solution- of the photosynthesis- 
inhibiting herbicide in the Water-insoluble oil, in the 
presence of a sufficient quantity of the surfactant and under 
such conditions so as to produce a soluble liquid. 



3" < ,.*:S«Z. l '. r .:' 
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. ' ' * "amended 'claims 

i ^received by -the International- Bureau on 13 November' 1990 ( 13. 11 .90) ; 
. , original -.claim .1 amended;/: 1 ~ . .i- ■ 

other claims' unchanged. (1 page)] 

1. A soluble liquid herbicidal composition comprising: 

(a) a herbicidally effective amount of a 
bipyridilium herbicide; 

(b) a photosynthesis-inhibiting herbicide; 

(c) a normally water-insoluble oil in which the 
photosynthesis-inhibiting herbicide (b) is 
soluble; 

(d) water; and 

(e) a surfactant selected from: 
(i) a polyalkyl glucoside; 

(ii) a polyoxypropylene-polyoxyethylene 

block copolymer; 
(iii) an alkyl trimethyl ammonium salt; and 
(iv) a mixture of polyvinyl alcohol with a 

surfactant having an HLB value from 

about 13 to about 20. 

2. A composition according to Claim 1 containing: 

from about 5 to about 30 weight % bipyri- 
dilium herbicide; 

from about l to about 12 weight % photosyn- 
thesis-inhibiting herbicide; 

from about 5 to about 20 weight % normally 
water insoluble oil; 

from about 5 to about 40 weight % surfactant; 
the remainder comprising water. 

3. A composition according to Claim l containing 

from about 18 to about 24 weight % 
bipyridilium herbicide; 

from about l to about 5 weight % photosyn- 
thesis-inhibiting herbicide; 

from about 7 to about 10 weight % normally 
water- insoluble oil; 

from about 8 to about 20 weight % surfactant; 
the remainder comprising water. 
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